In non-polar solvents, chiral europium complexes provide attractive n.m.r. shift reagents to resolve spectra of optically active cations, and, in particular, for tris(phenanthroline)ruthenium dichloride, 1 H n.m.r. shift differences of up to 0.7 p.p.m. between isomers easily permit the determination of absolute enantiomeric purity.
There has been considerable interest in the determination of enantiomeric purity by n.m.r. spectroscopy using chiral shift reagents. [1] [2] [3] [4] Although lanthanide-induced shift reagents were first used to study cations in 1973, 5 chirallanthanide-induced shift reagents have been used only with neutral species. We report the application of chiral lanthanide-induced shift reagents to optically active cations. For the following study we employed tris(phenanthroline )ruthenium(n) complexes, [Ru(phen)3)2+, which we are currently using as chiral probes for DNA.6
Tris(phenanthroline )ruthenium( n) dichloride was prepared as described by Lin et al. 7 and partially resolved by recrystalli- These results are not surprising in view of the general model for lanthanide-induced shifts of cations: the anion is coordinated by the lanthanide shift reagent and the cation forms an outer-sphere complex (ion pair) with the co-ordinated anion. 5 We find that the nature of the anion as well as the nature of the solvent is critical to the degree of induced shift observed. Small, highly charged anions favour co-ordination and allow the cation to approach the shift reagent more closely, yielding greater induced shifts. The use of a small anion may also enhance steric interactions between the cation and shift reagent. In addition the concentration of the ion pair-shift reagent complex is maximized in non-polar or slightly polar solvents. More polar solvents containing an atom which can co-ordinate to the shift reagent, thus competing with the anion, or which would independently solvate the ions and shift reagent, yield very small lanthanideinduced shifts. (Non-polar solvents, however, limit the solubility of ionic substrate, thus requiring a large number of pulses for a good signal-to-noise ratio.)
With these considerations in mind, we next examined the smaller chloride complex in CD 2 Cl 2 . From the 1 H n.m.r. spectrum of [Ru(phen) 3 )C1 2 ·xH 2 0 (0.55 ml; 1. 9 x 10-3 M) containing Eu(tfc) 3 (2.7 x 10-2 M) in CD 2 Cl 2 , we were able to distinguish between the two enantiomers and determine the enantiomeric purity of the sample. t The resulting spectrum at 200 MHz is shown in Figure 1(a) and is compared to that of the same solution in the absence of Eu(tfc) 3 in Figure l(b) .
Observed chemical shifts (b), downfield shifts induced by the lanthanide reagent (~b), and the magnitudes of the difference in chemical shifts of analogous protons of the two enantiomers upon addition of shift reagent (~~b), are summarized in Table 1 . As is shown in Table 1 , very large lanthanide-induced shifts (~b) were observed, and substantial The fact that and Hh have similar db values but very different ddb suggests that there are significant conformational differences between the diastereisomeric d-Ru-(phen):;2+-CI--Eu(tfch and i\-Ru(phen)3 2 +-CI--Eu(tfc)_, complexes. It is interesting that specific donor-acceptor interactions between functional groups on the shift reagent and chiral complex are not necessary to obtain these distinct diastereoisomeric complexes.:j:
Comparison of the areas of the well resolved Hd protons of the two enantiomers permitted calculation of the enantiomeric purity of the sample; the value obtained by this method supported that determined by polarimetry .' 1 In summary, by n.m.r. spectroscopy with chiral shift reagents we have observed differences in chemical shift between enantiomers of a cationic species, Ru(phenh2+, and have used this technique to determine enantiomeric purity. This direct method of determination of enantiomeric purity is more desirable than polarimetry since polarimetry requires an optically pure reference sample yet fails to guarantee that the reference sample is optically pure. We believe this work to be :j: Differential chiral induced shifts have also been obtained with [(4.7-Ph 2 phenbRu]C1 2 and Eu(tfc)J. With a diamagnetic chiral soi·vatm£ agent, it is unlikely that such dramatic shift differences would observed between optically active cations, even with high diastereoisomeric discrimination.
L CHEM. SOC., CHEM. COMMUN .. 1984 the first to report the application of chiral shift reagents to cations and expect that this technique may be generally useful.
